Introduction.-It is a well-known fact that in some interspecific or even in intergeneric crosses of flowering plants the ovary develops into an apparently normal fruit even though no seeds are produced. For years this phenomenon has intrigued the writer. Bearing in mind our present knowledge of growth hormones in plants, it seemed as if the explanation might be that a growth hormone (or hormones) was released into the ovary from the pollen tubes, which usually develop, to some extent, when parthenocarpy occurs. In view of the fact that within the last few years several wellknown chemical substances have been found to accelerate growth, cause the root formation in cuttings or otherwise affect growth, it has seemed desirable to determine whether these substances might also induce the ovary to develop into a fruit without pollination.
Methods. In these experiments indole-3n-propionic acid, indole-butyric acid, indole-acetic acid and phenylacetic acid have been used. Of these indole-acetic acid as is well known has been extracted from plants and has been designated as heteroauxin. The first three were used in concentrations of one per cent mixed in hydrous lanolin, while the phenylacetic acid was used in 0.75 and 2.75 per cent also in lanolin.
The plants used were tomato, snapdragon, Salpiglossus variabilis, Petunia hybrida, Nicotiana Tabacium Maryland mammoth variety, Agapanthus umbellatus, Vallota purpurea, Zephyranthes carinata (surprise lily), Begonia sp., Hubbard squash, crook-necked summer squash, cucumber, watermelon, egg plant and pepper. Some of these were grown in the greenhouse during the winter, but others were grown in the field. These plants were chosen either because the flowers were imperfect or the stamens could easily be removed. Usually the flowers of each kind of plant were subjected to three different treatments, and in some instances to four. The flowers were pollinated in the usual way, they were treated with the substance under investigation or they were neither pollinated nor treated with the chemical substance. The last treatment has been designated the control. In some of the early experiments the flowers were also treated with pure lanolin alone, but as there was no effect this treatment was discontinued in later experiments.
Only Photograph of a section of a ripe tomato fruit produced by the application of indole-propionic acid to the style of an unpollinated tomato flower. The locules are poorly developed.
stamens had been removed and the style cut, the cut surface was either smeared with the lanolin preparation or left without treatment as a control. In some carefully conducted experiments pollen was placed on the cut sur-VOL. 22, 1936 face of the style but there never was any development of the ovary to indicate that fertilization had taken place. It was therefore considered safe and it saved a great deal of time, to leave the treated flowers unprotected by bags. The buds were opened by slitting lengthwise and after the treatment the bud was closed again.
Results uith Indole-3n-Propionic Acid.-Tomato, snapdragon, petunia and salpiglossus were treated with this substance.
Tomato: Several dozen flower buds were treated. Lanolin paste containing indole-3n-propionic acid was placed both on the stigma, in the early experiments, and on the cut surface of the style, in later experiments. Six externally normal fruits ripened. They ranged in size from 1 cm. to 5.25 cm. The small fruit (only one was produced) was solid tissue with not the slightest trace of locules. The larger fruits developed locules to various degrees ( Fig. 1 ), but in none were the locules and placentae fully developed. No seeds were ever produced, though in one fruit the ovules were of considerable size, but dissection revealed that there was no trace of an embryo, only an ovule shell. In some fruits there was the normal development of a gelatinous mass around the small ovules, but in others the locules were completely empty. No flower bud which was either treated with pure lanolin or left unpollinated or untreated ever showed any increase in the size of the ovary, and after about a week the flower dropped off.
Snapdragon: Numerous flower buds of this plant were used. The ovaries of the flowers treated with indole-propionic acid grew some, but never into full-sized fruits. No seeds were ever observed. There was no observable increase in the ovaries of the control flowers.
Petunia and Salpiglossus: The ovaries of the treated flower buds grew rapidly into fruits of about normal size or even a little larger than normal. These fruits were, however, very much wrinkled, no doubt because of the rapid growth of the ovary wall without accompanying growth of the placentae and seeds, so there was no content to cause the fruits to stretch out and take on a symmetrical shape. No seeds were ever noticed in either of these plants. Growth was at about the same rate as in pollinated flowers. One petunia plant behaved very interestingly, in that when self-pollinated it never produced fruits, yet when treated with indole-propionic acid it produced fruits.
Results with Phenylacetic Acid.-Only tomato, snapdragon and tobacco plants were employed in this experiment and the procedure was the same as in the preceding section, except that in some instances a 0.1 per cent aqueous solution was injected into the ovary through the pedicel. In no instance was there any growth with this latter treatment.
Tomato: Nine externally normal fruits ripened and a number of others commenced growing. These fruits ranged in size from 4.0 cm. to 6.0 cm. in diameter. Both the 0.75 and the 2.75 per cent concentrations were effective. The internal appearance of these fruits was quite normal except that no seeds were ever produced (Fig. 2) .
Snapdragon: An examination of a large number of ovaries gave definite evidence that phenylacetic acid had a positive effect upon the growth of snapdragon ovaries. Although the fruits were far from the size of those which resulted from pollination, they showed a marked increase in size over the controls.
Tobacco: Several dozen tobacco flower buds were treated with lanolin paste containing 2.75 per cent phenylacetic acid but in only one instance was there any sign of growth. Usually the flowers dropped off two days Phenyl acetic acid Normal pollination after they opened unless fertilization took place, but in the instance mentioned the flower remained on the plant for nine days and the ovary was considerably larger than at the time of treatment. The controls always dropped off in two days.
Results with Indole-Acetic Acid.-Tomato, snapdragon, salpiglossus, petunia, begonia, Zephyranthes carinata, Agapanthus umbelkatus, crooknecked summer squash, Hubbard squash, cucumber, egg plant, pepper and watermelon plants were treated with indole-acetic acid. The squashes, peppers, egg plants, watermelons and cucumbers were grown in the field and the others in the greenhouse.
Tomato: Nineteen fruits ripened and many others made some growth. VOL. 22, 1936 The ripe fruits ranged in diameter from 3.2 cm. to 5.35 cm. which was somewhat smaller than the fruits produced by pollination on the same plants at the same time. Most of these fruits had poorly developed locules; several having no indications whatsoever of locules. No seeds were produced and usually only a few ovules were present. Controls never developed.
Snapdragon: An examination of treated ovaries gave unmistakable evidence that growth had taken place, yet the ovaries were only about onethird as large as those developed by pollination. They were, however, mueb larger than the controls.
Salpiglossus and Petunia: The ovaries of both of these plants grew when treated with indole-acetic acid. The resulting fruits were of about normal size but shrivelled. The rate of growth was perhaps a little greater than in the pollinated flowers. There was no growth in the controls.
Begonia: One plant having only pistillate flowers was used. Only three flowers were treated. The ovaries of these increased considerably and became quite green after a few weeks. The treated ovaries were still on the plant two months after treatment. The ovaries of the pollinated flowers did not turn green nor were any seeds developed, though they remained on the plant. Controls dropped off after a few days.
Zephyranthes carinata: Several flower buds were treated. There was considerable growth in the ovary, which did not wither and dry up nearly as soon as the controls.
Agapanthus umbellatus: About twelve flowers were treated with indoleacetic acid. While fruits did not mature, the treated ovaries nevertheless grew to about twice the size of the untreated ovaries and remained on the plants several days longer. The hand pollinations did not result in fruits either, although the plants did produce a few fruits from self-pollinations.
Crook-Necked Squash: Only a few flower buds were treated and since the ovaries of this plant will sometimes grow considerably even in the unfertilized flowers, not enough flower buds were treated to enable one to state positively that growth was induced by the treatment.
Hubbard Squash: Only a few flower buds were treated. There was some growth, usually a doubling of the size of the ovary, but no mature fruits were obtained. The VOL. 22, 1936 Tomato: Twenty-one mature fruits were obtained from flowers treated with indole-butyric acid. These fruits were perfectly normal in external appearance. They ranged in size from 2.4 cm. to 6.2 cm. in diameter. The smaller fruits had perfectly solid flesh with no trace of locules. The larger ones usually had, though not always, well-developed locules, but never any seeds. The pericarp was usually somewhat thinner in the fruits produced by the chemical treatment than in those produced by pollination, but the interior was more fleshy (Fig. 3) . The artificially produced fruits were in general more fleshy, but they seemed to be more watery. Yet when the moisture content of the fruits was determined it was found to be only 0.3 of one per cent higher than in the fruits produced by pollination.
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FIGURE 5
Sections of the fruits in Figure 4 . Note lack of seeds, a thinner pericarp and lack of the placental development, in fruit (a).
Snapdragons: An examination of a large number of ovaries from flowers that had been treated with indole-butyric acid showed that this substance furthered the development of the fruit. In no instance were these as large as the normally produced fruits but they were always larger than the controls. No seeds were produced.
Salpiglossus and Petunia: Many flower buds of these two plants were treated and the ovaries almost always grew into fruits of normal size but because of lack of content, they were very much wrinkled, and misshapen.
The controls never developed. No seeds were ever found in these artificially produced fruits.
Begonia: A few begonia ovaries were treated with indole-butyric acid and like those treated with indole-acetic acid they enlarged and turned green. Eventually they dried up and remained on the plant for over two months, when they were finally removed. The controls did not enlarge any and dropped off in a few days.
Crook-Necked Squash: In this plant it had been' discovered that ovaries from unpollinated flowers sometimes grew considerably, and therefore the ovaries from control flower buds as well as treated flower buds were carefully measured. The average of 37 controls gave the following dimensions for the ovary at the time they were dying: length 14.18 cm.; basal diameter 1.98 cm.; greatest apical diameter 1.99 cm. The average dimensions of 39 ovaries from treated flowers were: length 22.64 cm.; basal diameter 3.18 cm.; greatest apical diameter 2.73 cm. The largest individual fruit produced artificially had a length of 44.0 cm., basal diameter 6.4 cm. and apical diameter 5.0 cm. This was approximately as long as a. normal fruit and the basal diameter was somewhat greater, but the diameter of the apieal end was not quite half that of a normal fruit. Figures 4 and 5 bring out these differences. In the artificially produced fruits the ovary wall was thinner than in normal fruit and the interior, Which had no seeds, developed poorly. This accounts for the difference. These data show unquestionably that indole-butyric acid furthered fruit development in the crooknecked summer squash.
Hubbard Squash: Treatment with indole-butyric acid never produced mature fruits, but the ovaries grew to several times their size in the flower buds before they withered, whereas the controls showed only a slight increase if any at all.
Cucumber and Watermelon: Neither of these plants produced mature fruits from flower buds treated with indole-butyric acid, but there was some increase in the size of the ovary beyond that in the controls. So one can say that growth was initiated.
Pepper: From fifty-five flower buds treated with indole-butyric acid, eight externally normal fruits were produced. Sections revealed no seeds and no placental development in these fruits, otherwise they were normal. The forty-eight controls dropped off the plants within a week without any growth. Discussion and Summary.-These experiments show that certain growthpromoting substances as indole-propionic, indole-acetic, indole-butyric and phenylacetic acids when applied to the cut style often cause the ovary to grow for some length of time. Mature fruits were not produced in the snapdragon, tobacco, Agapanthus umbellatus, Vallota purpurea, Zephyranthes carinata, begonia, Hubbard squash, crook-necked squash, cucumber and watermelon. Mature fruits without seeds were produced in tomato, petunia, salpiglossus and pepper. At the conclusion of the experiment fruits were developing on egg plants.
The significance of these experiments seems to be that definite chemical substances, which are not specific, cause the ovary of a flower to develop into the fruit. These substances seem to be closely related to the auxins. 
